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To make it worse, since those working in a shift system rotate shifts, their circadian rhythm out of biorhythm is broken. As a result, they suffer from physical and psychological disorder, sleep deprivation, digestive disorder and increasing fatigue, and chronic diseases [6] . The analysis on physical activity level based on the evaluation of activities of the police officials who do shift work revealed [7] that the number of nightlyshift workdays (1.75) was significantly larger than the number of daily-shift workdays (1.52) and the number of holiday workdays (1.31) . This indicated that, with respect to police officials doing shift work, their activity and the activity contents by type of work had great similarities. Therefore, if their physical activity level and resting metabolic rate (RMR) are measured, it is possible to calculate daily energy expenditures by type of work (day shift work, night shift work, and holiday shift work), and thus when the calculation is applied to actual life, the issue of energy imbalance will be able to be addressed.
To calculate a person's RMR accurately, it is proper to use indirect calorimetry for measuring oxygen consumption and carbon dioxide production [8] , but such a method requires expensive equipment and any trained person to measure them. Furthermore, the measure procedure (including food intake and limitations of activity) is so complicated that it is hard to generalize it [9] . As a method to replace the indirect calorimetry in measuring a RMR, there is a method using a formula to estimate a RMR. That is, a person's anthropometric measurements including weight, height and gender are substituted in the formula to calculate a RMR. For a while, when a RMR is calculated, Harris-Benedict (1919) formula [10] and WHO (1985) formula [11] have mainly been used in Korea. Dietary Reference Intakes for Koreans (2005) [12] , however, recommended that weight, height and physical activity be substituted in the formula proposed Institute of Medicine of the National Academies (IMNA, 2002) to calculate estimated energy requirement (EER) [13] .
Therefore, this study was intended to assess RMRs of police officers doing shift work and use various statistical methods to evaluate the precision of representative RMR estimation formulas mostly used in clinical fields among RMR estimation formulas developed so far. Additionally, in this study, this researcher used the physical activity level of police officers doing shift work, which was shown earlier, to calculate daily energy expenditures by type of work and compare the calculated results using the formulas for EER proposed by Dietary References Intakes for Koreans.
Materials and Methods

Subjects
The subjects were 28 police officers (aged 25 to 46) doing shift work in Youngdong province (Samcheok, Donghae, Gangneung, and Sokcho). Also, they had no specific diseases and have never taken any medicines or hormone drugs affecting energy expenditure. The subjects had fully understood the test of this study and had given written consent before their RMRs were measured, and then had voluntarily participated into the test. During the study period, they had maintained the similar life styles and working environment as in ordinary times. In particular, the meeting about the research and operation had regularly been held to check that human rights and privacy of the subjects had safely been protected in this study process.
Anthropometrics
With the use of Inbody 720 (Biospace Co., Seoul, Korea), each study subject's height, weight and body composition (body fat mass and muscle mass) were measured by Bioelectrical impedance analysis. Based on the measured weight and height of each subject, body mass index (BMI), obesity index, fat free mass, and body surface area (BSA: m²) were calculated.
• Body Mass Index (BMI) = Weight (kg) / Height (m) 2 • Obesity Index = (Current Weight / Standard Weight) × 100 • Fat Free Mass (kg) = Weight (kg) -Fat Mass (kg) • Body Surface Area (BSA) [14] = Weight 0.425 (kg) × Height 0.725 (cm) × 0.007184
Resting metabolic rate
Indirect calorimetry (TrueOne2400 Parvo Medics, 8152 South 1715 East Sandy, UT 84093, USA) reflecting was used for measuring each subject's RMR. In order to minimize a measurement error, the temperature and humidity of a measurement room remained unchanged constantly, and the measurement was performed in a quite circumstance. Prior to the measurement, subjects were forced to abstain from food for more than 14 hours and avoid doing exercises for 24 hours. After lying on their back for more than 30 minutes to keep their composure, subjects put on a canopy and breathed for more than 15 minutes in a peaceful condition. During the time, their oxygen consumption and carbon dioxide production were measured at an interval of 10 seconds Based on all the measured values of oxygen consumption and carbon diox-ide production except for the values measured for the early 5 minutes of the measurement, oxygen consumption's average value and carbon dioxide production's were calculated. And then, respiratory quotient (RQ) was calculated with the average values. The calculated result was substituted in Weir formula to calculate a RMR [15] .
Food intakes
Food record method was used for exploring how much food each subject takes for one day of day shift work, one day of night shift work, and one day of holiday shift work. Regarding food intake record, a trained interviewer fully explained a way of recording their food intake. When subjects brought their record to a surveyor, they had a person-to-person interview with the surveyor to correct and add something omitted. Based on the finally surveyed data about food intake, each subject's energy expenditure depending on a type of work was calculated with the use of Computer Aided Nutritional Analysis Program for Professionals (CAN Pro).
Calculation of RMR by using predictive equations
The formulas to estimate a RMR, applicable to male adults, were chosen to calculate each subject's RMR. The predictive equations estimation formula used in this study is presented in Table 1 .
Calculation of energy expenditure
The measured or predicted RMR was multiplied by each subject's physical activity level (days of night shift work: 1.75, days of day shift work: 1.52, and days of holiday shift work: 1.31), reported earlier, to calculate each one's daily energy expenditure [7] .
Statistical analysis
For data processing, SAS Ver. 9. 1 program was used. Each subject's anthropometric measurements and the estimation formula were used for calculating the average value and the standard deviation of the RMRs. And, Pearson's correlation coefficient was applied to explore the correlation between actually measured RMRs and anthropometric measurements. In addition, the RMRs actually measured RMRs and the estimation formula were compared in the following ways.
-Paired t-test was used to compare the RMRs measured by indirect calorimetry (TrueOne2400) with ones calculated from the estimation formula in the 5% significance level (p < 0.05). -The mean difference and the mean percentage difference between actually measured RMRs and predicted ones, and Root Mean Squared Prediction Error (RMSPE) were calculated to analyze the accuracy of the predicted RMRs. The difference between actual RMR and predicted RMR appeared in the absolute value, and RMSPE reflecting the margin of error was calculated as follows [16] . 
Results
Subjects' characteristics
Each study subject's anthropometric measurements are presented in Table 2 . The age of the subjects was 31.5 ± 5. 1 years, and all of them were male. Their height and weight were respectively 173. 1 ± 5.2 cm and 73.7 ± 9.7 kg. The subjects' BMI was 24.6 ± 3.0 kg/m 2 . Regarding obesity based on the BMI, a group of under-weight subjects was not found, and 10 subjects were included in the normal-weight group, 4 were in the over-weight group, and 14 were in the obesity group. Regarding obesity index using the standard weight based on Broca's formula, the obesity index was 112. 1 ± 13.7%, and fat mass and muscle mass were 15.5 ± 1.9% and 37.3 ± 5.8%, respectively. And, systolic blood pressure was 128.7 ± 9.8 mmHg, and diastolic blood pressure was 81.5 ± 9.5 mmHg.
Accuracy of predictive equations for resting metabolic rates
The results of comparison between subjects' actual RMRs and predicted RMRs by estimation formulas are presented in Table 3 . The formulas that showed the significant differences between predicted RMRs and actual RMRs (1748. Regarding the agreement between actual RMRs and predicted RMRs evaluated by Bland-Altman method (Figure 1 ), the range of limits of agreement evaluated by Harris-Benedict Formula was the narrowest (-416.9, 375.8), and the mean difference leaned to a negative value (-14.8 kcal/day). And, the range of limits of agreement and the mean difference, evaluated by Henry 
The Correlation between measured RMRs and relevant factors
The correlation between actual RMRs and various factors reportedly related to RMR-age, height, weight, body mass index, fat mass ratio, fat mass, body surface area [18] [19] [20] -is presented in Table 4 . The result indicated that only the fat free mass (FFM) was significantly correlated (r = 0.522) with actual RMRs (p < 0.05).
Daily energy expenditure, energy intake and estimated energy requirement
Each physical activity step's coefficient (PA value, day shift work's PV value: 1. 1, night shift work's: 1.25, and holiday shift work's: 1.0), determined on the basis of each subject's age, height, weight and physical activity level, was substituted in the estimated energy requirement (EER) formula proposed by Dietary Reference Intakes for Koreans to calculate daily EER shown in Table 5 . In addition, the 24-hour recall method of 3 days (day shift work, night shift work, and holiday shift work) was used for calculating subjects' daily average energy intake.
Regarding the total daily energy intake of subjects, the amount during day shift work was found to be the highest 2351 kcal, and the next ones were the amount during night shift work (1959 kcal) and one during holiday shift work (1796 kcal) in order.
Regarding the three-day energy intake depending on a type of shift work, only the energy intake during night shift work was significantly lower than the energy expenditure during the time (p < 0.05). The daily EER (day work: 2998.6 kcal, night work: 2743.8 kcal, and holiday work: 2576.9 kcal) and the daily energy expenditure depending on the type appeared similar, and only the energy expenditure during night shift work (3062.5 kcal) was significantly higher than the EER during the time (2998.6 kcal).
Discussion
The subjects' height and weight were compared with the physical standards (170 cm and 63.6 kg) of male adults aged [12] . The comparison showed that subjects' height was similar to the standard, but their weight was about 10 kg heavier than the standard. The subjects' BMI was 24.6 kg/m 2 , which is categorized into the obese risk group (23.0 < BMI < 24.9) in accordance with the weight category of Asian adults based on BMI. Also, regarding obesity index, their percentage ideal body weight (PIBW) was 112. 1%, which means that they were overweight (110% < PIBW < 120%). According to the result of the comparison between the subjects' actual RMRs (1748.3 ± 205.9 kcal/day) and adults' RMRs measured by Park et al. [21] with the use of indirect calorimetry, the measured values of those aged 20 to 29 (1728.2 kcal/ day) and of those aged 30 to 49 (1669.5 kcal/day) were similar to those of this study.
In this study, 11 formulas in which height, weight and age were used as variables, and Cunningham's formula that adopted fat free mass as a variable were used for calculating the validity of their RMR estimation ( Table 3 [WH] 's was also found to be between -0.9 and 0. 1 so that the formulas seemed to be relatively accurate. Therefore, it was found that among the estimated formulas used in this study, Harris-Benedict's was relatively accurate with regard to the mean difference and the mean percentage between actual RMRs and predicted RMRs, and RMSPE. Regarding the range of limits of agreement evaluated by Bland-Altman method that means the range of the mean difference between actual RMRs and predicted RMRs (Figure 1 The analysis on the 12 formulas to estimate RMRs revealed that Harris-Benedict's formula was the most accurate in estimating RMRs of police officers doing shift works. The analysis result was equal to the result of the study conducted by Lee et al. [22] , that Harris-Benedict's formula was the most accurate in estimating RMRs of male and female university students.
There are diverse variables affecting RMR, such as race, age, gender, climate, and temperature. The reasons that an error between predicted RMRs calculated from the estimation formulas and actual RMRs occurs are presented as follows. First, in the case of Harris-Benedict's formula, it was created with 130 white men and 103 white women in 1919, and since then, it has widely been used for calculating EER. Many studies on the validity of the formula revealed that its margin of error was about ± 5% [23] [24] [25] [26] . But, the study on 201 healthy male and female adults, conducted by Daly et al. [27] , pointed out that the RMRs calculated from Harris-Benedict's formula was over-predicted 10-15% higher than actual RMRs.
In the meantime, it was reported that the RMRs calculated from the fat free mass based formula of Cunningham et al. had the explanatory power of 67-82% [28, 29] , but the study conducted by Owen et al. [23] presented that it had the explanatory power of 55-60%. Many other studies [23] [24] [25] [26] concluded that race was an important factor affecting RMR [30] . For example, Schofild [31] formula was based on European and North American people so that it was reported [32] that RMRs of Asian Indians calculated fromm the formula were overpredicted 10-11%. Also, in the case of the formula of Liu et al. [33] , it was based on the Chinese American so that it was reported that RMRs of other ethnic groups calculated from the formula were over-predicted. Henry & Rees [34] proposed that the degree of muscle relaxation was different depending on race, and that climate caused different metabolic responses. In fact, it was reported that BMRs of those living in the tropics were lower than ones of those living in other areas [35] [36] [37] . In the case of WHO/NAO/FAO Formula, although 38% of its data were based on white men and women, the formula was also drawn with various ethic groups. For the reason, it was reported that applying the formula to an ethic groups collectively would cause an inaccurate result [38] . In the case of Schofild's formula [31] , 47% of basal metabolic rate database for the formula was measured by used closed circuit calorimetry so that it was explained that the basal motabolism in the Schofild's formula [31] was over-predicted more than actual basal metabolic rate [34] .
Regarding the correlation between actual RMRs and predicted RMRs, Cunningham's formula had the highest correlation (r = 0.522), as shown in Table 3 . The result was equal to the result (r = 0.523) of the study on male and female university students aged 20 years, conducted by Lee et al. Therefore, it is considered that the age of police officers doing shift work ranges from their 20s to 30s. The study on female university students, conducted by Chang et al. [39] also revealed that the RMRs calculated from Harris-Benedict's formula, WHO's and Cunningham's had positive correlations with actual RMRs: Harris-Benedict's correlation coefficient (r) is 0.611; WHO's r is 0.676; and Cunningham's r is 0.743. But, in this study, Cunningham's formula (the mean percentage difference) overpredicted RMRs. The result was similar to the result of the study on Korean male and female university students [22] .
Regarding the correlations between diverse factors [18] [19] [20] age, height, weight, body mass index, fat mass, fat mass ratio, fat free mass, and body surface area-and actual RMRs, only FFM had a positive correlation with actual RMRs (r = 0.522), which was equal to the result of the study on Korean adults, conducted by Park et al. [21] . Regarding the correlations between RMRs and relevant variables, reported by Owen et al. [23] , fat free mass' correlation coefficient (r = 0.064), BSA's (r = 0.417), and weight's (r = 0.363) were positive. The study conducted by Mifflin et al. [25] also revealed that actual RMRs had positive correlations with fat free mass (r = 0.81) and weight (r = 0.71), the correlation coefficients of which were higher than ones in this study. Also, according to the study on the obesity group and the non-obesity group of those aged 12 to 18 by Bandini et al. [40] , the study on female adults by Lee et al. [22] , and the studies by Cunningham [41] and Webb [20] , it was found that RMRs had a positive correlation with fat free mass. That is because fat free mass includes metabolically active muscle and internal organs. Also, previous studies revealed that adults' RMRs were used mainly for muscle's metabolic activity so that muscle was a decisive factor of RMRs [40] .
In this study, subjects' daily total energy intake during day shift work (2,351 kcal) and during night shift work (1,959 kcal) appeared similar to each energy intake of those aged 20 to 29 (2,219.4 kcal) and those aged 30 to 49 (2,064. 1 kcal), which was reported by Park et al. [21] , but turned out to be smaller than each energy intake of those aged 19 to 29 (2,556.9 kcal) and those aged 30 to 39 (2,688.2 kcal), which was reported by Ministry of Health and Welfare 2010 [42] . In the meantime, the reason that the energy intake during night shift work (1,959 kcal) and one during holiday shift work (1,796 kcal) are lower than one during day night shift is considered to be that subjects are not able to keep normal meal-time due to excessive work (night patrolling, etc.) and night conditions. Also, it http://e-cnr.org is conjectured that, in the case of holiday shift work, subjects are not able to have three meals properly in order to supplement enough sleeping hours for shift work.
In this study, subjects' energy expenditure during night shift work (3,062.5 kcal) appeared similar to the energy expenditure of adults with normal weight (2,958.0 kcal) and with overweight (3,372.2 kcal), reported by Park et al. [43] . And, regarding the three-day energy balance depending on a type of shift work, the energy intake during night shift work was significantly lower than the energy expenditure during the time. As a result, subjects doing night shift work showed negative balance. But, during day shift work and during holiday shift work, the energy intake was not significantly different from the energy expenditure. Therefore, subjects doing day shift work and holiday shift work showed energy balance. According to the study by Lim & Yoon [44] , it was found that each energy intake of women living in farm villages during the farming season and during their leisure season (1,950.3 kcal and 1,423.3 kcal) was lower than each energy expenditure of them during the two different seasons (2,892.9 kcal and 2, 130.9 kcal). In this study, although the subjects doing night shift work showed negative energy balance, their BMI was 24.6 kg/m 2 , which is categorized into obese risk group (23.0 < BMI < 24.9). Such a result seemed to be attributable to the error caused by respondents' prejudice and their under-reporting in the process of food intake survey. In reality, the study on the food intake record of healthy elderly people conducted by Johan et al. [45] revealed that the higher fat mass women had, the lower food intake they tended to record. Also, it was found that the obese people who wanted to lose their weight tended to underestimate their food intake [46] [47] [48] .
Despite the difference of food intake, healthy adults show adaptive mechanism to balance calory intake and expenditure and thus maintain constant energy balance. That is, to achieve the goal of energy homeostasis, on one hand, our body tries to increase energy metabolism to restrain a rise in weight, when energy intake increases, on the other hand, it tries to decrease energy metabolism to maintain weight and energy balance when food intake falls [49] . But, in the case of police officers doing shift work, day shift work, night shift work and holiday shift work are regularly repeated, affecting their body's homeostasis. Therefore, if changes in energy balance and imbalance repeatedly occur during the short period of time (2 to 3 days), in a long term, they can bring about fatal results such as occurrence of chronic diseases including metabolic syndrome.
To solve the police officers' energy imbalance by type of shift work, it is necessary to accurately evaluate their physical activity level by type of work and thereby precisely determine daily EER by type of shiftwork. Regarding this, in 2010, Dietary Reference Intakes for Koreans determined EERs by applying the total energy expenditure formula based on doubly labeled water technique. Therefore, in this study, the subjects' age, weight, height and each physical activity step's coefficient were substituted in the EER formula proposed by Dietary Reference Intakes for Koreans [12] . Regarding the calculated EERs by type of shift work, the highest EER was one during night shift work (2,998.6 kcal), and the next ones were during day shift work (2,743.8 kcal) and holiday shift work (2,576.9 kcal) in order. And, the EER during night shift work was significantly lower than the actually calculated energy expenditure, and there were no significant differences in terms of EERs during day shift work and holiday shift work. Their EER by type of shift work was slightly higher than the EER of ordinary adults aged 30 to 49 (2,400 kcal/day).
Given the results described above, the police officers' daily EER by type of shift work-the daily EER during night shift work is 2,998.6 kcal, the daily EER during day shift work daily is 2,743.8 kcal, and the daily EER during holiday shift work is 2,576.9 kcal-and their daily energy expenditure (EE)-the daily EE during night shift work is 3,062.5 kcal, the daily EE during day shift work is 2,674.3 kcal, and the daily EE during holiday shift work is 2,310.7 kcal-appeared similar. But, their energy intake-during day shift work was 2,351 kcal, during night shift was 1,959 kcal, and during holiday shift work was 1,796 kcal-appeared different. The result indicated that police officers doing shift work didn't take as much energy as they consumed. Therefore, it implies that it is quite important to accurately evaluate their physical activity level by type of shift work. In the previous study on the subjects of this study, each subject got a person-to-person interview about their activity. And then, they recorded what kinds of activities they had done and how much each activity was taken during three days (1 day of day work, 1 day of night work, and 1 day of holiday work). In the future, if the energy expenditure by type of shift work is calculated through the survey on energy expenditure with portable indirect calorimetry, more accurate daily energy expenditure will be able to be calculated.
This study has limitations in the point that, because of oc-cupational feature of the police officers doing shift work, the number of participants of this study was statistically insufficient. In the future, it is necessary to enlarge the number of subjects with special occupation, who can show a special type of work, other than those doing simple office work, and thereby evaluate their activities and physical activity levels. In doing so, a fundamental material necessary for their dietary guidelines and activity guide should be provided.
Conclusion
In this study, RMR measurement device using indirect calorimetry was used for measuring RMRs of 28 police officers doing shift work, and various analyses were performed to compare actual RMRs and the RMRs calculated from the popular estimation formulas-Harris-Benedict's, Body Surface Area's, the formula of WHO/NAO/FAO, DRI's, Cunnigham's, the formula of Mifflin et al., the formula of Owen et al., and the formula of Liu et al.-and evaluate the accuracy of these formulas. In addition, the subjects' physical activity levels previously reported were used for comparing and evaluating the calculated daily energy expenditure, energy intake and estimated energy requirement. Harris-Benedict's formula' margin of error between predicted values and actual values was within ± 10%, and the predicted percentage of the subjects was only 35.7%. In the aspect, it is considered that the estimation formulas including Harris-Benedict's formula, which were developed with ordinary people, have limitations when police officers doing shift work are applied to the formulas. Also, like police officers doing shift work, those whose work type is irregular and different by cycle have different energy expenditures depending on their work type. Therefore, different EERs should be set depending on each type of work in order to manage a proper weight through right energy balance, and furthermore to maintain a healthy weight to prevent chronic diseases.
